In recent years, instructors have had an increasing interest in integrating Internet based technologies into their classroom as part of the learning environment. Compared to studies on other information systems, student users' behaviour towards e-portfolios have not been assessed and thoroughly understood. This paper analyses the Technology Acceptance Model (TAM) in order to examine students' behavioural intention to use an electronic portfolio system, meaning how students use and appropriate it within the specific framework of a course. An E-Portfolio Usage Questionnaire was developed using existing scales from prior TAM instruments and modified where appropriate. Seventy-two participants completed the survey questionnaire measuring their responses to perceived usefulness (PU), perceived ease of use (PEOU), attitudes towards usage (ATU) and behavioural intention to use (BIU) the e-portfolio system. The results of the study indicated that students' perceived ease of use (PEOU) had a significant influence on attitude towards usage (ATU). Subsequently, perceived ease of use (PEOU) had the strongest significant influence on perceived usefulness (PU). The research further demonstrated that individual characteristics and technological factors may have a significant influence on instructors to adopt e-portfolios into their courses. Results suggest that TAM is a solid theoretical model where its validity can extend to an e-portfolio context.
Introduction
The utilisation of electronic portfolio (e-portfolio) systems has the potential to change the nature of learning environments and the ways in which student learning is promoted through different modes of learning (Ayala, 2006) . E-portfolios allow information to be stored, accessed, updated, and presented in various electronic formats as a record or evidence of student learning and achievement (Chau & Cheng, 2010; Gaide, 2006) . Criteria for a successful e-portfolio system include ease of use, a robust integrated technology architecture, lifelong support, standards and transportability (Jafari, 2002) . Subsequently, different e-portfolio systems offer varying levels of robustness and ease of control in terms of managing the flow and appearance of content (e.g., text, multimedia and web links). However, implementing an institutewide e-portfolio system is not only costly, but may also entail the problem of students' low adoption rate of the technology (Joyes, Gray & Hartnell-Young, 2010; Lambert & Corrin, 2007; Zhang, Olfman & Reetham, 2007) . User friendliness and user acceptance of e-portfolio systems are two of the most problematic requirements to satisfy as "users are known to quickly become frustrated and simply abandon a confusing application" (Jafari, 2004) . To increase student acceptance levels, systems administrators and educators should be able to identify a wide range of student preferences, intentions, and purposes for using an e-portfolio and should then be able to integrate these factors into the development process, preferably at an early stage (Abrami & Barret, 2005) .
Several models have been developed to investigate and understand the factors affecting the acceptance of computer technology. The theoretical models employed to study user acceptance, adoption, and usage behaviour include the theory of reasoned action (TRA) (Ajzen & Fishbein, 1980; Fishbein & Ajzen, 1975) , the theory of planned behaviour (TPB) (Ajzen, 1991; Mathieson, 1991) , the technology acceptance model (TAM) (Davis, 1989; Davis, Bagozzi & Warshaw, 1989) , the decomposed theory of planned behaviour (Taylor & Todd, 1995) , and innovation diffusion theory (Agarwal & Prasad, 1997 Brancheau & Wetherbe, 1990 ). However, current research has focused on the technology acceptance model (TAM) because the research seeks to understand the relationship between perceptions (such as perceived usefulness and perceived ease of use of technologies) and usage behaviour.
Considerable discussions emanating from academic debate and research surround the emergence of technology acceptance (Davis, 1993; Gao, 2005; Gong, Xu & Yu, 2004) . Research indicates that, although institutions have made large investments in educational technology, many technologies have been underutilised or abandoned completely, due to limited user acceptance (Liu, Liao & Pratt, 2009; Park, 2009; Teo, 2009) . The technology acceptance model (TAM), developed by Davis (1989) , states that the success of a system can be determined by user acceptance of the system, measured by three factors: perceived usefulness (PU), perceived ease of use (PEOU), and attitudes towards usage (ATU) of the system (Davis, 1989) . If a system is not easy to use then it will probably not be perceived as useful. According to the model, a user's perceptions about the system's usefulness and ease of use result in a behavioural intention to use (or not to use) the system Nov & Ye, 2008) . Thus, the objective of this study is to examine the relationship of students' behavioural intention to use (BIU) the e-portfolio system with selected factors of perceived usefulness (PU), perceived ease of use (PEOU), and attitude towards usage (ATU), and develop a general model of e-portfolio acceptance.
The following research question seeks to examine students' usage of a system utilising the technology acceptance model (TAM): what are individual student's perceptions of usefulness (PU), ease of use (PEOU) and attitude towards usage (ATU) of an eportfolio system that inform their behavioural intention to use (BIU) the system? Specifically, we try to better understand how these factors support technology acceptance in the context of an e-portfolio system. A thorough understanding of the TAM model may help us to analyse the reasons for resistance toward the technology and would further enable us to take efficient measures to improve user acceptance/usage of the technology. According to Davis (1989) , practitioners evaluate systems for two purposes: 1) to predict acceptability; and 2) to diagnose the reasons resulting in lack of acceptance and to take proper measures to improve user acceptance. Overall, the technology acceptance model (TAM) has received empirical support for being robust in predicting technology adoption in various contexts and with a variety of technologies (Gao, 2005; McKinnon & Igonor, 2008; Park, 2009; Sugar, Crawley & Fine, 2004; Teo, 2009) . The relevance for this study is that an examination of students' usage of an e-portfolio system could contribute to their acceptance of an emerging educational technology that has been developed specifically to respond to current demands of teacher education.
Background and theoretical framework
The initial steps in adoption of any information technology consist of establishing what purpose the system will address and what functionality the institution requires. For an e-portfolio system, these are particularly challenging tasks in establishing a 'one size fits all' definition or a corresponding set of standard functionalities (Zhang, et al., 2007) . As Internet usage continues to increase, many educational institutions are either purchasing commercial e-portfolio systems or building their own from scratch. Institutes of higher education are beginning to deploy e-portfolio systems to take advantage of the expected gains of supporting a variety of student achievements, both as showcases of student work, for peer and self-reflection, as well as providing a means for a more authentic form of learning assessment (Kong, Shroff & Hung, 2009; Orland-Barak, 2005; Pelliccione & Raison, 2009) .
Although e-portfolio systems may offer robustness and ease of control, the underlying design model may be limited and rigid in terms of how to manage the flow and appearance of content (e.g., text, multimedia and web links). E-portfolio systems commonly use web-based forms and presentation features comprising of built in forms and predetermined workflows to facilitate student creation of online portfolios for their academic work. The functionalities of e-portfolio systems constitute a challenge for institutions planning to deploy or renew their e-portfolio systems. One challenge is determining whether an established e-portfolio infrastructure can offer a favorable environment for students to make productive reflections for enhancing the quality of learning (Chau & Cheng, 2010) . Abrami and Barrett (2005) noted that tools such as reflective journals, self report surveys and digital storytelling can engage learners in reflection, support learning and facilitate the creation of portfolios. Moreover, the criterion of technology acceptance is fundamental to making sure that the e-portfolio system is used effectively by students.
Application of the TAM model would seem to be favourably indicated for understanding conceptual issues related to e-portfolio use. Use of the TAM is predicated on individuals having control over whether or not they use the system (Pearlson & Saunders, 2006) . The factors in the model, namely perceived usefulness (PU), perceived ease of use (PEOU), and attitudes towards usage (ATU), represent attributes or characteristics of the system, such as the overall design and features of the system, the user's skills and capabilities, and the user's beliefs and attitude towards the system (Davis, 1989; Gao, 2005; Ma & Liu, 2005; McKinnon & Igonor, 2008) . The behavioural intention to use (BIU) is an important factor that determines whether users will actually utilise the system. For example, Yi and Hwang (2003) found a direct and significant influence (β = 0.19; p < 0.001) between behavioural intention and actual usage of the web-based environment in their study. Use of the TAM model for understanding students' perceptions of the e-portfolio system and potential future use is therefore based on the following assumptions:
1. When students perceive the e-portfolio system as one that is useful and easy to use, then they may have a positive attitude towards using the system. 2. When students perceive the e-portfolio system as one that is easy to use, then they may have a positive attitude towards the usefulness of the system. 3. When students have a positive attitude towards the system, they may use the system frequently and intensively and may have a favorable intention towards using the system.
Several models have been developed in the past three decades to investigate variables that influence individuals' technology acceptance (Agarwal & Prasad, 1988; Morris & Dillon, 1997; Thompson, Compeau & Higgins, 2006) . The technology acceptance model (TAM) proposed by Davis (1989) is the classical information systems model developed to explain computer-usage behaviour and factors associated with acceptance of technology. According to this theory, information system usage behaviour is predominately explained by behavioural intention that is formed as a result of conscious decision-making processes. Behavioural intention, in turn, is determined by two belief factors, namely, perceived usefulness (PU) and perceived ease of use (PEOU). By manipulating these two factors, system developers can have better control over users' beliefs about the system, and subsequently, their behavioural intention and usage of the system.
Dillon and Morris (1998) defined technology acceptance as "the demonstrable willingness within a user group to employ information technology (IT) for the tasks it was designed to support" (p. 5). The dominant themes in research focus mainly on instrumental influences, which investigate acceptance decisions involving beliefs as to how using technology will result in objective improvements in performance (Thompson, et al., 2006) . Thompson et al. argued that this approach may have had a limiting effect on technology research and broadened their research to include concepts related to non-instrumental influences on technology acceptance. The TAM suggests that perceived usefulness (PU) and perceived ease of use (PEOU) determine an individual's behavioural intention to use (BIU) a system. Hu et al. (1999) suggested that many factors influence initial acceptance of technology, but fundamental determinants (e.g. perceived ease of use and perceived usefulness) play a greater role in continued acceptance.
TAM presumes that behavioural intention is formed as a result of conscious decisionmaking processes (Venkatesh, et al., 2003) . The model specifies three belief factors that are salient in the context of information technology usage and acceptance: perceived usefulness (PU), perceived ease of use (PEOU), and attitude towards usage (ATU) (Ajzen & Fishbein, 2000; Davis, 1989) . Perceived usefulness (PU) is defined as "the degree to which a person believes that using a particular system would enhance his or her performance" (Davis, 1989) . Perceived ease of use (PEOU) refers to "the degree to which a person believes that using a particular system would be free of effort" (Davis, 1989) . Perceived usefulness and perceived ease of use can be considered as cognitive factors. Attitude towards usage (ATU) refers to the "the degree to which an individual evaluates and associates the target system with his or her job" (Davis, 1993) . Attitude towards usage has been identified as a factor that guides future behaviour or the cause of intention that ultimately leads to a particular behaviour. In TAM, attitude towards usage is referred to as the evaluative effect of positive or negative feeling of individuals in performing a particular behaviour (Ajzen & Fishbein, 2000) .
Research model and hypotheses
The technology acceptance model (TAM) is used in this study for its predictive ability in studies involving students (Kiraz & Ozdemir, 2006; Teo, 2009) . The causal relationships between perceived usefulness (PU), perceived ease of use (PEOU), attitude towards usage (ATU), and behavioural intention to use (BIU) technology are specified in the TAM to reflect the new environment of an e-portfolio system. PU is defined as the degree to which an individual believes that using an e-portfolio system would enhance his or her performance in the course, whereas PEOU refers to the degree to which an individual believes that using the system would be free of cognitive effort. TAM suggests that actual usage of the system is determined by the users' behavioural intention to use (BIU) the system, which is determined by users' attitude towards using the system and their perceived usefulness and ease of use of the system . Together, PU and PEOU constitute a significant influence on ATU, which in turn affect the BIU. In addition, PEOU has also been shown to significantly influence PU (Teo, 2009) . Similarly, behavioural intention to use (BIU) the system is posited to be affected by attitude towards usage (ATU). In accordance with the research objective and consistent with the related literature, this study tested the following hypotheses:
H 1 : Perceived usefulness (PU) will have a significant influence on attitude towards usage (ATU). H 2 : Perceived ease of use (PEOU) will have a significant influence on attitude towards usage (ATU). H 3 : Perceived ease of use (PEOU) will have a significant influence on perceived usefulness (PU). H 4 : Attitude towards usage (ATU) will have a significant influence on users' behavioural intention to use (BIU) the e-portfolio system.
These hypotheses give rise to the research model ( Figure 1 ) represented as a causal relationship schema and used as a point of departure for this research. The boxes represent the constructs which were measured by a set of items, with arrows representing hypotheses 1 to 4.
Figure 1: Conceptual research model 
Research methodology
The research setting A total of 169 (N=169) undergraduate students enrolled in Bachelor of Education (BEd) Programmes at the Hong Kong Institute of Education (HKIEd) constituted a sufficient pool of available subjects, who fit well within the context and purpose of this study. The selection of four courses was based on the following. Firstly, course structure and contents provided sufficient opportunity for students to interact with the e-portfolio system. Secondly, learning activities and assessment in the form of self-reflections were structured into the design and organisation of the courses. The courses ran from the Spring semester January 2010 to May 2010 over a period of approximately 12 weeks. The course instructors made use of the Blackboard 9 e-portfolio system.
Technology
The Blackboard 9 e-portfolio system was chosen to supplement this study for two reasons. Firstly, the Blackboard 9 learning management system is an existing available resource acquired by the Hong Kong Institute of Hong Kong (HKIEd). Secondly, the Blackboard 9 e-portfolio system not only allowed students to collect and organise artifacts of various forms of media (such as text, images, video, audio) in a digital environment, but also allowed students to organise the artifacts in a number of ways to demonstrate learning over time, to share competencies and to demonstrate mastery of course content. Therefore the reasons for choosing the e-portfolio system also extend beyond the availability and convenience of the Blackboard 9 learning management system in that it provides various pre-built e-portfolio solutions and a structure of customisable tools.
Course design
The content of the e-portfolio for each of the four pilot courses focused on student reflections upon the artifacts uploaded to the Blackboard 9 learning management system. Students were required to upload their work which included posting video clips and assignments and capturing parts of their reflections or other evidences to justify their claims of 'improvement'. An important aspect of student's participation in their portfolio development included evidence to demonstrate the learning outcomes, whereby students were required to track their development and progress through written reflection which was seen as a critical component of the entire portfolio process.
Measurement scales
The completed instrument consisted of two sections (See Appendix). Section I was designed to identify demographic attributes of the respondents. It contained demographic items such as academic year, gender, self-assessment, interaction and experience of students' e-portfolio usage. The questions in Section II were based on prior studies with modifications to fit the specific context of the e-portfolio usage and subsequently developed from the TAM scales, adapted from Davis, at al. (1989) and Venkatesh, et al. (2003) . All the constructs in the research model were operationalised using standard scales from past literature. Our research TAM model consisted of 20 items (see Table 1 ) that measured "perceived usefulness" (5 items), "perceived ease-ofuse" (5 items), "attitude towards usage" (5 items) and "behavioural intention to use eportfolio" (5 items). The response scale for all items was a seven-point, positivelypacked Likert scale (Lam & Klockars, 1982) coded as, 7: Strongly agree; 6: Moderately agree; 5: Slightly agree; 4: Neutral; 3: Slightly disagree; 2: Moderately disagree; 1: Strongly disagree.
Data collection
Both web-based and hard copy versions of the e-portfolio usage questionnaire were administered to 169 students to fill out, with the aid of instructors in charge of each course, wherein the order of items was randomised. The collection of these questionnaires yielded 72 usable data responses. For this study, a power test was conducted to find the appropriate sample size required to provide a test of the appropriate power. The results demonstrated that a sample size of 72 is adequate to detect, with power equal to .80. With a sample size of 72, the study had a power of 0.783 to yield a statistically significant result, close within the .80, a commonly accepted threshold in these analyses (Cohen, 1977) . The data collected from 72 responses was analysed to provide evidence for the validity and reliability of the eportfolio usage questionnaire.
Results and analyses
The process of analysis followed the intent of the study. First, validity of model use in the context of the e-portfolio inquiry was analysed. Having established validity and robust construct relationships, researchers' data results were then analysed. This is followed by testing of the hypotheses by assessing the model fit using various fit indices and evaluating the research model.
Descriptive statistics
The descriptive statistics of the four factors are shown in Table 1 . All means are above the midpoint of 3.00. The standard deviations range from 1.22 to 1.50 indicating a narrow spread around the mean. 
Construct validity
To test the construct validity of items in the instrument, confirmatory factor analysis was performed and reliability of factors assessed using Cronbach's (1951) alpha. Construct validity was assessed using confirmatory factor analysis (CFA) to test the fit of the data to the model. Table 2 presents the factor loadings of the e-portfolio usage questionnaire for the sample of 72 students using the individual student as the unit of analysis. The results of confirmatory factor analysis indicated that the scales were not only reliable, but also valid for the factors under study. The factors were analysed using Cronbach's alpha (Cronbach, 1951 (Cronbach, , 1970 . All of the measures employed in this study demonstrated excellent internal consistency, ranging from 0.904 to 0.914 (see Table 3 ), thereby exceeding the reliability estimates (α = 0.70) recommended by Nunnally (1967) . 
Discriminant validity
Discriminant validity was assessed by inspecting the correlations between the four factors (Bagozzi & Phillips, 1991) . Table 4 shows the average variance extracted (AVE) for each factor and indicates that the questions for each factor correlated with each other but were below threshold for intercorrelating with other factors. Thus, the results indicate that discriminant and convergent validity of the measures are reasonable. Diagonal entries: Average variance extracted; Non-diagonal entries: shared variance Table 5 shows a summary of the overall model fit measures. This model was found to be valid, as evidenced by the adequacy indices such as chi-square statistic, χ 2 (N = 72) = 258, p < 0.01. The chi-square statistic is an intuitive index for measurement goodness of fit between data and model. As recommended by Hair, Anderson, Tatham & Black (2003) , several other fit indices are examined. According to Gefen, Straub & Boudreau (2000) and Hair et al. (2003) , goodness of fit index (GFI), comparative fit index (CFI) and normed fit index (NFI) are best if above 0.90 and demonstrate marginal acceptance if above 0.80, adjusted goodness of fit index (AGFI) above 0.80 and root mean square residual (RMR) below 0.05. These fit indices indicate that the proposed measurement model exhibited a good fit with the data collected. This study was close enough to suggest that the model fit was reasonably adequate to assess the results for the structural model. Thus, we could proceed to examine the path coefficients of the structural model. 
Hypotheses testing
This study employed a structural equation modeling approach to develop a model that represents the relationships among the four factors in this study: perceived usefulness (PU), perceived ease of use (PEOU), attitudes towards usage (ATU) and behavioural intention (BIU) to use the e-portfolio system. Table 6 shows the results of the hypotheses tests by confirming the presence of a statistically significant relationship in the predicted direction of the proposed research model. Overall, 2 out of 4 hypotheses were supported by the data. Consistent with prior research (Davis, 1989; Hu, Chau, Sheng & Tam, 1999) , perceived ease of use (PEOU) had a significant effect on attitude toward using (ATU), with p < 0.001. While perceived ease of use (PEOU) had a significant effect on attitude toward using (ATU), perceived usefulness (PU) did not. Moreover, perceived ease of use (PEOU) had a significant influence on perceived usefulness (PU), with p < 0.05. The structural model and hypotheses were tested by examining the path coefficients and their significance. The path coefficients are present in Figure 2 . Consistent with our hypotheses, PEOU demonstrated a significant influence on ATU (path = 0.30). Similarly, PEOU demonstrated a significant influence on PU (path = 0.71). The link between PU and ATU (path = 0.67) and ATU and BIU (path = 0.93) was non-significant at the 0.5 level of variance. This finding supports current research that demonstrates the strong relationship among PEOU, PU and ATU (Teo, 2009 ). 
Limitations and further research
There are several limitations of the present study that need to be considered. Firstly, the fact that students are individuals, with their own beliefs and values, may have a significant impact on their dispositions. In this study, we relied on self reported measures of the proposed constructs. Since the constructs were composed of individuals' perceptions of personal phenomena, self report methods were necessary. Nonetheless, future work can reduce potential confounds via longitudinal designs, objective procedures and use of behavioural measures. Secondly this study may not fully capture the complexity or periodicity of e-portfolio system usage. Therefore, the results of this study should be viewed as preliminary evidence with respect to examining the relationship of students' intention to use an e-portfolio system. Lastly, future work could be supplemented with other objective measures to avoid response bias and the demand characteristics of the subjects. Future research could include studies integrating the technology acceptance model (TAM) and computer self-efficacy (CSE), with a view to examining their combined predictive abilities to explain behavioural intention to use (BIU) among technology users in education. According to Agarwal, Sambamurthy and Stair (2000) , the additional construct of computer self-efficacy (CSE) has often been linked with technology acceptance research. Thompson et al. (2006) recommended research to investigate the generalisability of CSE perceptions and to examine its influence in technology acceptance models. Finally, the resultant instrument could be used in future research to test how students value, adopt and accept e-portfolio systems into their learning environment and help extend the TAM at various levels of technology acceptance. The TAM model provided a systemic understanding of students' intentions to use an e-portfolio system; such an understanding can help educators examine their assumptions about students' perceptions concerning the value and acceptance of a new technology.
Discussion and conclusion
The purpose of this study was to determine if the TAM could legitimately be applied in an e-portfolio paradigm by examining the relationship of students' intention to use an e-portfolio system with selected factors of perceived usefulness (PU), perceived ease of use (PEOU), and attitude towards usage (ATU).
Consistent with prior research (Davis, 1989; Hu et al, 1999) , perceived ease of use (PEOU) had a significant effect on attitude towards usage (ATU). An explanation might be that when students perceive the e-portfolio system as one that is easy to use and nearly free of mental effort, they may have a favourable attitude towards the usefulness of the system. These findings support current research which suggests that user's positive feeling towards the ease of use of technology is associated with sustained use of the technology (Yildirim, 2000) . The results of the study also showed that perceived ease of use (PEOU) had a significant influence on perceived usefulness (PU). An explanation might be that students are willing to adopt the e-portfolio system, and this may suggest that students tend to focus on the usefulness of the technology itself.
This study did not find a significant relationship between perceived usefulness (PU), attitude towards usage (ATU) and behavioural intention (BIU) to use the e-portfolio system. However, this is consistent with other findings which suggest that the role of ATU in the TAM has been inconclusive. For example, Davis et al. (1989) found that the role of attitude towards usage (ATU) was only modest in predicting technology acceptance and it is possible that users may use a technology even if they do not have a positive attitude towards the technology per se as long as it is perceived to be useful or easy to use. This is supported by Teo and van Schalk (2009) who found that attitude towards computer use did not have a significant influence on intention to use. This study is a step towards examining students' perceptions of usage of an e-portfolio system that informs their attitude towards usage and their behavioural intention to using the system. E-portfolio systems are a subset of Internet based e-learning technologies, which when utilised, may lack proper evaluation in terms of design, development, assessment and standards. When selecting an e-portfolio system for adoption, it is necessary to identify the features such as the types of artifacts and assessment supported communication and collaboration capabilities, and reflection and sharing features that fit the needs of the end users (Swan, 2009) . Information systems developers need to take into account the process of development and implementation in terms of increasing the level of acceptance by end users and therefore, predicting various system components, including interfaces, in a way that ensures potential end user satisfaction.
Although emerging educational technology usage in teacher education has increased in recent years, technology acceptance and usage continue to be problematic for educational institutions (Baylor & Ritchie, 2002; Gong, et al., 2004; Saunders & Klemming, 2003) . Emerging educational technology is often used to provide more flexible approaches to teaching and student' use of emerging educational technology in the classroom is extremely varied. Finally, an understanding of the design of a system can help shift the conventional administrator or faculty mandated design of an e-portfolio system towards a student centered design that more closely resonates with students' perceptions of usage and moreover buy-in and motivation.
